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DESIGN SUMMARY P.

4’ -0" OD torisherical 144" radius of dish (p. 3)
10.125"1ikr tr=.1484" for internal pressure
G-3 material tr=.4955" for external pressure

Shall SB-582 G-3 material 9/16" thk (see p. 4)

Internal pressure:
tr=.1214" at top ( no static head)
tr=.l351" at bottom (4.75 ft static head)

External pressure:
The shell is split into two parts by a stiffening ring

The top part is 85 inch long; tr=.4819"
The bottom part is 60 inch long; tr=.4236"

The shell is made 9/16" to make the inset nozzle self
reinforced

Shell Stiffening Ring 316L material size 6"x .6875"thk

required moment of inertia=26.68 in?
actual moment of inertia=36.44
(see p. 5-6)

cona SB-582 G-3 material .4038"thk

Internal Pressure: tr=.1463 (p. 7)

Cone reinforcement (p. 11)

Arl=1.814 Ael=5.85 Therefore no additional

reinforcement needed.

External Pressure:

The cone is split into 2 sections by a stiffening ring
' The top section 1is 37.25" long; tr=.3848" (p. 7-8)

Cone reinforcement at large end (p. 8-9)

Area required: Arl=1.95 Ael=5.43

No reinforcement required.

Moment of Inertia requirement: 6" x .6875" ring
Is=7.91 1I=12.375 (p. 8-10) 316L

The bottom section is 108.25" long; tr=.3995" (p.1l1l)

Cone stiffening ring: 6" x .6875" 316L (p. 12-13)
Is=10.135 1I=12.375



Bottom Cone Cover SB-582 G-3 material p.ii
11.25" radius spherically dished (p. 14)

Internal pressure: tr=.070
External pressure: tmin=,3125
Pext=319

Tubeshaats G-3 material 2.375" thk (p. 15, Appendix A)

¥arming Codl 1-1/2" sch. 40 G-3 material
tr=.06995 tnom=.145 tmin=,0644

Steam Chast G-3 material SB-582 G-3 material 3/8" thk
tr=.1848 (p. 16)

Tubaes SB-622 G-3 material .1455" avg. wall (p. 16)
tr=.0685 internal pressure
tr=.0656 external pressure

Steam Chest Rasarvoir SA-312-316L welded pipe 6" sch. 40
tr=.1148 tnom=.28 tmin=.1825 (p.17)

Steam Chaest Insat Nozzla SB-382 G-3 material 7/16"thk
tr=.298 (p.17)

Steam Chest Ingset Nozzle Rainforcement (p.18-19)

No additional reinforcement required

Nozzlas Bl., B2 1-1/2" sch. 40 8B-622 G-3 (p.20)
tr=.1132 tnom=.145 tmin=.0644

Nozzla €1 4" sch. 40 SA-312-316L welded pipe
tr=.1184 tnom=.237 tmin=.145 (p. 31)
no additional reinforcement needed in steam chest
reservoir

Nozzle C2. S2 2" sch. 80 SB-622 G-3 material
tr=.1132 tnom=.200 tmin=.1125%5 (p.41)

Nozzle E2 1" sch. 160 SA-312-316L smls
tr=.1223 tnom=,25 tmin=.1563 (p. 41)

Neozzla E1 48" SB-582 G-3 material 5/16" thk
tr=.1795 t=,3125 tmin=.25 (p.21)
Nozzle El1 has a 72" diameter 316L pad 9/16" thk (p. 22)

Flange and Cover (p. 23)

The flange is-a flat face flange with a .25" O-ring

The flange and cover comprise a class 3, category 3
joint per ASME Section VIII, Div. 1, Appendix Y

flange thk 1is 1-3/8" stress=2851, Allowable=11700

cover thk is 1-3/8" stress=6995, tmin=.877

bolting - (8) 2" bolts SA-193-B8M

bolt stress=5001 allowable=14300



p.iii

Nozzles Fl. F2 2" sch 40 SB-622 G-3 material (p.42)
tr=.1132 tnom=.154 tmin=.135

Nozzlea K1, K2 3" sch 40 SA-312-316L smls
tr=.1132 tnom=.216 tmin=,1295 ( p. 36)

nozzles have a 6-1/2" diameter pad 3/8" thk 316L (p.37)

Nozzle S1 6" sch 40 SA-312-316L welded material (p.33)
tr=.1448 tnom=.280 tmin=.,1825
no additional reinforcement required

Nozzla S3, S4 2" sch 40 SB-622 G-3 material
tr=,1132 tnom=.154 tmin=.0722 (p. 42)

Nozzlas S5 3" sch 40 SB-622 G-3 material tr=.1132
tnom=.216 tmin=.189 (p. 28) )
nozzle has reinforcement pad 6-1/2" dia. x 3/8" thk 316L <F123

Nozzle S6 6" x 5/16" thk SB-582-G3 material  Z\
tr=.1132 tnom=.3125 tmin=.25 (p.45)
reinforcement pad 72" x 9/16"™ thk (p. 46)

Nozzles Ul, U2 3" sch 40 SB-622 G-3 material (p. 34)
tr=.1448 tnom=.,28 tmin=.1825

no additional reinforcement required

Neozzla V 12" SA-240-316L material

' tr=.1290 t=.4375 tmin=.375 (p.25)
elbow SA-312-316L sch. 40 :
no additional reinforcement required (p.26)

Nozzle V flange 1" thk 316L (p.27)
The flange is a class 1, category 3 flat face
flange as defined in the ASME Code Section VIII,
Div 1, Appendix Y
flange stress=543 allowable 11700 A{X
bolt stress =5464 allowable 14300

i

Nozzles Y1, X2, Y3, X4 3" sch 40 SA-312-316L smls
tr=.1132 tnom=.216 tmin=.1295 (p.36)

nozzles have a 6.5" diameter pad 3/8" thk 316L (p.37)

Nozzle X3 3" sch 40 SA-312-316L smls £\
tr=,1132 tnom=.,216 tmin=.1295 ( p. 36)
nozzle has a 7" diameter pad 3/8" thk 316L (p. 44)



p. 1iv

Nozzla Z1, Z4 2" sch 160  SA-312-316L smls material A\
tr=.135 tnom=.343 tmin=.237 (p. 43)

Nozzle 2Z3 3" sch 40 SB-622 G-3
tr=,1132 tnom=.216 tmin=.1265 (p.28)

nozzles have a 7" diameter pad 3/8" thk 316L (p.30)

Steam Chest Downcomer Nozzla SA-312-316L smls

at steam chest SA-312-316L
3"sch B0 tr=.,1848 tnom=.300 tmin=.200 (p.38)

no additional reinforcement required (p.39)
at reservoir tr=.1136 - tnom=.216 tmin=.1265 (p.38)
no additional reinforcement required (p.40)

Hydrogtatic Teast Preasuras (p. 47-48)

Vessel - 24 psig
Tube Bundle - 505 psig
Warming Coil - 246 psig



@ JOSEPH OAT CORPORATION

CHEMICAL ENGINEERS & FABRICATORS
NUCLEAR POWER COMPONENTS
ESTABLISHED 1788

P
HEAT EXCHANGER ASME CODE REPORT
J- 25/9
ASME SECTION VIII, Div. 1
Code Year /TR Addenda /777
' Other (HEI, TEMA)
SHELL TUBE wARMING
Coll
Design Pressure Psig /5y . 32s /55
Design Temperature °oF 390.}:" 450 3¢0
Hydrotest Pressure Ps: g 24 Sos 2 Y,
Corrosion Allow 7 1//6“ I/zé. .
Radiography R =91 i
Charpy Impact Test(YES/NO) o o o
Shellside MDMT ~20 °F @ /5 PSI
Tubeside MDMT - 2o °F @ 325 PSI
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PART UG — GENERAL REQUIREMENTS -

e - - A

GENERAL NOTE:
includes consideration of these arsm If
S, / 8, < 1.0 (both sides of ¢

P8

f-)
N Pt
( *
:%;i $
r'-r-r'-'.".-:---r.| S/ ( T
bu‘ﬂ-—;;. - 4'.:..'.':
Ses UG40
d for limits of
reinforcement
dorR_+t +1 e dornnﬂn-rr“'_—"'
\.____v__/ ] \_w____,
“Use larger value Usa isrger vaiue
For nozzie wali inserted through For nozzie well sbutting
the vessel well the vesse! wall
UG-37.1
_ . _.O7LL _ _ "
tr = == | t° .5 c= Vi
trn = =257 | th= ,375| d=26.25
= . — _ QRRcum D
F=\0 h=, 0| E1 = ROBELE > Long_ Plane
frl = Snoz/Svessel = Lo fr2=Snoz/Svessel= 1.0
{frl=1.0 when nozzle abuts shell)

INT EXT
(A/2
= A = (d)(tr)(F) + 2 (tn) (tr) (F) (1-£rl) (706 |uy.93¢
= [ (B1) (£)=(F) (tr) 1 [ d - 2(tn) (1-frl) ]
v////4 = Al larger of
= [ (ED()-(F) (tr) ] [ 2(tn+t)=-2(tn) (1-frl) ] /.22 |3.¢9¢
: = (tn-trn) (5t) (fr2)
NN = a2 smaller of
= (tn-trn) (5tn) (£fr2)
R = a3 = 2 (tntc) (£r2) (h) 875 |.875
= A4l = outside nozzle/shell weld = (leg?) (fr2) Y JY
Q = A43 = inside nozzle/shell weld = (leg?) (fr2)
Red /Y
TOTAL = Al + A2 + A3 + A4l + A43 4 Fo




PART UG — GENERAL REQUIREMENTS -

GENERAL NOTE:
Inciudes congideration of these arees if
Sy / §, < 1.0 {both sides of ¢ ).

- Dﬂ
4 F - J——
1" T
‘ S - ) RN ) T
2.5‘0’2.5!,.* " ! : ]
Use smalier value A : \i A t
| L -.v_-li-v?7—.- !"_-"r'rl-..'-f-“",lr' Ll T
¢ ' '\ NIRRT S P
_t.._ : !.-.'.r.'.'.-.g......_n_-.-_ss.a._-_- e —
y 25tllor2..':tn i R v b ’ See UG-40
se smaller value X for limits of
4 l __.i__ —_ ._L reinforcement
"'*dorﬁn-l-tui*r T* dorﬁn+rn+t
1 LN /S
-Use farger valus Use larger value
For nozzle wall inserted through For nozzle weil sbutting
the vessel wall the vesssl wall
UG-37.1
- _ O226 _ =
tr - _. 3@” t - + 5— c - y/é
trn = = tn= d = 78
= T = = ORRowaMD
F=.5 |h E1 S eaaLe O CIRC. PLANE
frl = Snoz/Svessel = ) fr2=Snoz/Svessel= {. o
(frl=1.0 when nozzle abuts shell)

INT EXT
(A/2)
= A = (d)(tr) (F) + 2 (tn) (tr) (F) (1-frl) 5662 | juoe
= [ (E1) (£} =(F) (tr) ] [ d - 2(tn)(l1-frl) ]
7/ = Al larger of
= [ (ED)(R)=-(F) (tr) ] [ 2(tn+t)-2(tn) (1-frl) ]| 32.23 2492
. = (tn-trn) (5t) (fr2)
NN = A2 smaller of
= {(tn-trn) (5tn) (fr2)
BRI = a3 = 2 (tn-c) (£r2) (h)
= R4l = outside nozzle/shell weld = (leg?) (fr2)
W = A43 = inside nozzle/shell weld = (leg?) (fr2)
TOTAL = Al + A2 + A3 + A4l + A43 33,33 |2y 92
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GENERAL NOTE:
Inciudes considerstion of these arem if
S, /8, < 1.0 (both sidwm of ¢).

\ ——% pzz
N na i I
T T K T L,
2.8c0r28¢, 00, . | NN i
Use emaiier velua fr X E\ E i_f /U‘Qésle.. E[
_’—_ : -_v.-va-_-T-_-+.-rv_-r:-.?.--_.fl_' Y
* '..:‘;'.:.:.:;.'L.;"' '.Ib..-_'..a:.a.-- B —————————
2.5¢ or 2.5, | ’ T _l Ses UG-40
Use smailer velus | d *] for timits of
& | L s, _J‘ reinforcament
l""—dornnnﬂn e dornnunn"'_""'
R ' \_._.._v.._._._/
Use iarger vaiue Usa iarger veiue
For nozzle well inserted through ——gueg—- For nozzie wail sbutting
the vesss| welil the vesssl vl
A TERMVAL _ . OfG _ —
tr = E xterna | T, 9373 t . 733 c = ’//é
e it TER VAL - -oi7? - -
trn = Z x te-~ma | gt 2 tn o) d 5/6:
F = 4 h=o | El = Dp= -2 te= o5&
frl = Snoz/Svessel = e fr2=Snoz/Svessel= (. O
{fr1=1.0 when nozzle abuts shell) fr4=Spad/Svessel= LT3
fr3=lesser of fr2 or frd = =~ S A . /5600 ..
35-3 ai3ocw '
INT EXT
(A/2)
= A = (d)(tr)(F) + 2 (tn) (tr) (F) (1-£frl) 70 7
| = [ (E1) (t)—-(F) {tr) ] [ d - 2(tn) (1-frl) ]
|7‘_/177: = Al larger of
' = [ (E1)(£)-(F) (tr) ] [ 2(tn+t)-2(tn) (1-£frl) | 0.0
— = {(tn-trn) (5t) (£fr2)
oo ] = A2 smaller of
= 2 (tn-trn) (2.5tn+te) (frd)
= A3 = 2 (tn-¢) (£fr2) (h) e
AB = pg1 = outside nozzle/shell weld = (leg?) (£r3)
N7 = A43 = inside nozzle/shell weld = (leg?) (fr2)
; = A5 = (Dp-d-2tn) (te) (fr4) = 10.5,
TOTAL = Al + A2 + A3 + A4l + A43 + AS 10. 5




ANALYSIS OF CLASS 3 CATEGORY 3 FLAT FACE FLANGES ;1213
PER ASME SECTION VIII,DIV 1 APPENDIX Y

*%% INPUT DATA **x

PRESSURE = 15.

FLANGE ID 48.750

FLANGE OD 62.000

FLANGE BOLT CIRCLE = 58.000

GASKET DIAMETER = 50.000

FLANGE THICKNESS = 1.313

COVER THICKNESS = 1.313

BOLTING - 8 BOLTS OF 2.000DIAMETER
BOLTING CROSS SECTIONAL AREA = 21.22
RATIO OF COVER/FLANGE ELASTIC MODULUS
RATIO OF FLG / BOLT ELASTIC MODULUS

1.000
1,000

*%% RESULTS ***

BOLT STRESS = 5001.

BOLT PRESTRESS = 3868,

FLANGE RADIAL STRESS AT BOLT CIRCLE = 2851.

FLANGE TANGENTIAL STRESS AT INSIDE DIAMETER = -1277.
COVER RADIAL STRESS AT BOLT CIRCLE = 6995,

COVER RADIAL STRESS AT INSIDE DIAMETER = 4470.

COVER TANGENTIAL STRESS AT INSIDE DIAMETER = -1754.
COVER RADIAL AND TANGENTIAL STRESS AT CENTER = 1932,

*%x* END OF ANALYSIS ***
Stop - Program terminated.

- FLANGE AND COVER MATERIAL - 316L, ALLOWABLE STRESS = 11,700 PSI
BOLTING MATERIAL - SA-193-B8M (316) ALLOWABLE STRESS = 14,300

MINIMUM COVER THICKNESS FOR NOZZLE Z1 REINFORCEMENT CALCULATION

The governing stress in the cover is the maximum stress which
cccurs at the location of the nozzle. We will use the
greater of the stresses that occur at the cover center
and inside diameter and assume that stress to apply at the
nozzle location. The governing stress is then the radial
stress at the inside diameter = 4470 psi. Per equation 36
of Appendix Y, this stress is proportional to the inverse
of the square of the cover thickness. Therefore, the minimum
required cover thickness is determined as follows:

£11 (min) 2 SRIT

2
tII(act) SRII(allowable)

f17(min) = SQrt(4470/11700) (1.3125) = .8113
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GENERAL NOTE:
Inciudes consideration of thess areas if
S,/ §, < 1.0 (both sides of ¢).

(4 t_ﬂ‘ P
- 'L 'rn ?
28eor 28,41, Mt :<:
N . 1 1 \
Use smaller value ; Lo, : '\ 0,
¢ | ™ ] !
¥ PSAY, 7 HISER N A, W o /e
‘ P ¢ . ;f ........ Ll -
el SR P |
_i_ SR a4 !..'--i-_-a..u'.:.;_'-.-..';a.a.q.-.-; ———
2.5¢ Icur?.Stn . f I R\ ; Ses UG-40
Use smaller valus | ' for iimits of
i | __}—-'-.-...E" __{ : reinforcement
}’—dorﬁn+rn+r e dorﬁn+tn+t_-'
—_— ! ——me ——
Usa iarger value Uss larger vaiue
For nozzie wall inserted through For nozzie wall shutting
the vesse! wall the vesssl wall
UG-37.1
tr = = .83 =r3125| c = Vg
trn = =‘OOI}7 tn=-/2_65- d =3.(93
F = h =0 El = |
frl = Snoz/Svessel = |.O fr2=Snoz/Svessel= (.O
{(frl=1.0 when nozzle abuts shell)

NSB2LE B Z 1o Deerntra, npent Colwumn Couver

INT EXF
(=2
= A = (d)(tr) (F) + 2 (tn) (tr) (F) (1-frl) | /295
= [ (E1) (t)={(F) (tr) ] [ d - 2(tn) (1-frl) ]
/77 = Al larger of
= { (EL)(t)~{(F) (tr) ] [ 2(tn+t)-2(tn) (1-frl) ] /600
= (tn~trn) (5t) (fr2)
m = A2 smaller of
= (tn-trn) (5tn) (fr2) 679
RIXYJ = A3 = 2 (tn-c) (fr2) (h)

VAN
NP

A4l = outside nozzle/shell weld = (leg?) (fr2)

A43 = inside nozzle/shell weld = (leg?) (fr2)

TOTAL = Al + A2 + A3 + A4l + A43 /& 77
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PART UG — GENERAL REQUIREMENTS

GENERAL NOTE:
includas considerstion of these aress if
S,/ 3, < 1.0 (both sides of eh

[]
'n f - S
—.1""l: 'rn ,
. T—-— ' - = tr\ -
28c0r 280,41, | N EQ
Use smalier value o :'\-.
i -3 3 1 '
' (L7777 o '-vﬂtv?? merAaTrTesny :
¢ ‘e .. c.'
+— i 55:3-.-";2;-.-.;-.-. METR
y 2-5'""'2-?‘:, . f I R g See UG40
se smaller value | ' for timits of
4 I "-‘—L_,_,_j_ —— reinforcement
dorR_+¢ +¢ dorf +¢ s~
— e — ' — s
Use iarger value Use {arger valus
For nozzie wall inserted through For nozzie wall sbutting
the vessel wali the vesse! wall
UG-37.1
tr = = Ty, t = . 2S c = y/@
trn = = 0¢es| 0 ayas| d =, pe3
F = h=¢o | E1 =
frl = Snoz/Svessel = ,932 fr2=Snoz/Svessel= . 732
(frl=1.0 when nozzle abuts shell)

fr

P.?_é

NoR2 LE V /e
INT EXT
(A/2)
= A = (d)(tr) (F) + 2 (tn) (tr) (F) (1-frl) ey
= [ (E1) (£)=(F) (tr) ] [ d - 2(tn)(1-frl) ]
v/ = Al larger of
= [ (E1) (£)-(F) (tr) ] [ 2(tn+t)-2(tn) (1-frl) ] | 5@
. = (tn-trn) (5t) (fr2)
NN = a2 smaller of
= (tn-trn) (5tn) (fr2)
R = A3 = 2 (tn-c) (£r2) (h)
B = A4l = outside nozzle/shell weld = (leg?) (fr2)
W = A43 = inside nozzle/shell weld = (leg?) (fr2)
TOTAL = Al + A2 + A3 + A41 + A43 /.S58




NOZZLE V FIANGE A\

ANALYSIS OF CLASS 1 CATEGORY 3 FLAT FACE FLANGES
PER ASME SECTION VIII,DIV 1 APPENDIX Y

*%% INPUT DATA ***

PRESSURE = 15.

FLANGE ID = 12.875

FLANGE OD = 19.000

BOLT CIRCLE DIAMETER = 17.000

GASKET DIAMETER = 14.000

FLANGE THICKNESS = 1.000 ' ACX
BOLTING - 3 BOLTS OF .875 DIAMETER
BOLTING CROSS SECTIONAL AREA = 1.26
RATIO OF FLG / BOLT ELASTIC MODULUS = 1.000

x%%x RESULTS ***

BOLT STRESS = 5464.
BOLT PRESTRESS = 5361.
FLANGE RADIAL STRESS AT BOLT CIRCLE = 542.756

FLANGE TANGENTIAL STRESS AT INSIDE DIAMETER =

**% END OF ANALYSIS *%**
Stop - Program terminated.

123.

p 27
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GENERAL NOTE:

Inciuden conuderstion of thess aress if

8,/8,< 1.0 both udmotf g).

.’ F ] o"
i 'n lp——— 'lﬂ ——
= rfﬂ :
1__ *. - ‘| - -ﬁ
28¢or 2.&"0 ty : .
Use smailer vaiue e, : \ S
- ".':'*-'.".".':'.'_' F‘_.'!_'r_"?:-.f:-.-:r__' AL
+— e o R
2.5¢ or 2.&" See UG40

Use smailer value

¢

-d

i‘"—_dorﬂnd-r"d-f jeo

e +

dﬂﬂn"‘fn#[
e ———~

*1 ftar limits of

reinforcament

—

Uss iarger vaiue Use larger vaiue
For nozzie wall inserted through ———gnimge— For notzie well sbutting
the vesss! well the vesse! wail
tr = t = Cc = !
433 433 .

2 O('; ckarcﬂ ol iersicn
trn = = . 0zo| BT 265 d =3 si2 for oils.oke
Fo= h = o El = Dp= . .,g5 | te= 3725 "o33le
frl = Snoz/Svessel = .0 fr2=Snoz/Svessel= (.O
(frl=1.0 when nozzle abuts shell) fr4=Spad/Svessel= 7232
fr3=lesser of fr2 or frd4d = 73 PoZ2ZLES 55- Sch.40 3}

INT EXT
(A/2)
= A = (d)(tr)(F) + 2 (tn) (tr) (F) (1-£frl) 20O
= [ (BEl) (£)-(F) (tr) ] [ d - 2(tn) (1-frl) ]
E/ZZA = Al larger of
= [ (EL) (£t)=-(F) (txr) ] [ 2(tn+t)-2(tn) (1-frl) ] o
——— = (tn-trn) (5t) (fr2) 3
RN = A2 smaller of
= 2 (tn-trn) (2.5tn+te) (£fr2) /92 /YD
= A3 = 2 (tn-c) (fr2) (h) o
AP = a41 = outside nozzle/shell weld = (leg?) (fr3)
N 7 = M43 = inside nozzle/shell weld = (leg?) (£r2)
—11 = a5 = (Dp-d-2tn) (te) (fr4) =
7508
TOTAL = Al + A2 + A3 + A41 + A43 + A5 .89¢&




GENERAL NOQTE:
Inciucies conuderation of thess arem if
3, /8,< 1.0 {both ndes of ¢ ).

o -
N\ P 7]
i
¥ ; N N L e
28¢co0r 2.8¢,4¢, . : \ ’
Use smalier value : \ : I
* ' WS 2 27 T
t ' s :
t M Ll Ll e ac—
2.8¢ or2.8¢, | See UG40
Use smaller value | 4 *| for limina of

$

l reinforcement

' o'orﬂn+rn+t -1:- dorﬁn+tn+r
Use Inrgar vaiue Uss larger veiue

For nozzie wall inserted through —egupupe—- FOr nozzle wal) sbutting

P'3O

the vess| wall the vesst well
tr = =“7;33 t:L’,as cC = yfé
ok = eherol leng 4h
trn = Y - tn= 26% d =3.7¢7 RN 73 Noysle
F = | h = o El =) Dp= 7.0 te= =44
frl = Snoz/Svessel = .@ fr2=Snoz/Svessel= -©
{fr1=1.0 when nozzle abuts shell) fr4=Spad/Svessel= .232
fr3=lesser of fr2 or fr4 = 9372 ’Uoé:i,c" <3 A .
INT EXT
(A/2)
= A = (d) (tr) (F) + 2 (tn) (tr) (F) (1-frl) 8l
= [ (BEL) (t)-(F) (tr) T I d - 2(tn) (1-£frl1) ]
F/:7J7:' = Al larger of
' = [ (El) (£)-(F) (tr) } [ 2(tn+t)-2(tn) (1-frl) ] o
p—— = (tn-trn) (5t) (fr2)
Poon ] = A2 smaller of
= 2 (tn-trn) (2.5tn+te) (fr2)
= A3 = 2 (tn-c) (fr2) (h)
APy = ag1 = outside nozzle/shell weld = (leg?) (fr3)
N 77 = 243 = inside nozzle/shell weld = (leg?) (fr2)
; = A§ = (Dp-d-2tn) (te) (fr4) = 823
TOTAL = Al + A2 + A3 + A4l + A43 + AS L8273
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GENERAL NQTE:
Inciudes conmderetion of these erees if
$,!8,<1.0(both ndesof g ).

% *! . 35
28¢or 280,41, . NN 1 .
Uss smalier vaiue :\ 'LL =
I . SRTT TS, .' 'z';(/l{. T
_;___ | _H_.-._’ I —
2.6¢ or2.8¢ | Ses UG40
_Use smalier vaive | d ™ tor timits of
+ ) ._1 reinforcemneant
F——UMRH-FI,'*t . duﬂnor”¢f
(o ' [ L
Use jarger value Use iarger valus
For nozzis well inserted through ——pumg— For nozzis wall sbutting
the verset wall the vemm! weli
tr = = 4199 | t = .5 c= e
trn = = o020 | 0T s | 4 T4 s592 J{J? (o-2¢n)
Fo= h = 3562] E1 =i Dp= ¢.5 te= . 5
frl = Snoz/Svessel = 1.0 fr2=Snoz/Svessel= |.Q
(frl=1.0 when nozzle abuts shell) fr4=Spad/Svessel= 732
fri=lesser of fr2 or frd4d = 732 m§51¢5 L, Uz
INT EXT
(A/2)
= A = (d)(tr)(F) + 2 (tn) (tr) (F) (1-frl) 9L
= [ (ED)(L)-(F) (tr) 1 I d - 2(tn) (1-frl) ]
F/?,?j' = Al larger of
' = [ (BL)(t)-(F)(tr) ] [ 2(tn+t)-2(tn) (1-frl) ] _137%0
. = (tn-trn) (5t) (fr2) = .253
~] = AZ smaller of
= 2 (tn-trn) (2.5tn+te) (£fr2)-.173 ' 173
XN = a3 = 2 (tn-c) (£fr2) (h) oYoE
Ay = A4l = outside nozzle/shell weld = (leg?) (fr3)
N7 = 243 = inside nozzle/shell weld = (leg?) (fr2)
= A5 = (Dp-d-2tn) (te) (fr4) = €06
TOTAL = Al + A2 + A3 + A4l + A43 + A5 [ 19
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GENERAL NOTE:
Inciudes considarstion of thess srees it
$,/8,< 1.0 (both sides of ¢ ).

--_/./-_--,,

-01#‘7'1--*:11'-"‘.‘.'-.1‘ /“1‘//2"1‘/( T

# o
. . o
PSRRI
R
LR R |
.. I
Letr et
atxt g trt. T
. .o a2
et de el o

oA -

p-37

chordd
O‘\M.’\SIC"\J
I siole

ﬁOaslb

25¢ or2.8¢, | f -T Ses UG40
Use smsiler value | 1 d for timits of
4 | .- o L reinforcement
l——aor R+t vt o dorf vt 4t
et ' DU RERAIN
Lise lorger value Usa larger value
For nozzie wall inserted through ——stug— For nozzie weil sbutting
the vessei well the vesset well
tr = = 933 | t = .433 | c= Mg
trn = = . s20 | D= 1265 | € = 3.512
F = | h =0 El = | Dp= &.5 te= 3755
frl = Snoz/Svessel = .732 fr2=Snoz/Svessel= .732
(frl=1.0 when nczzle abuts shell) fr4=Spad/Svessel= L7232
fr3=lesser of fr2 or frd4 = 73T 10053}65 ¥, , 92, Ll"-!, ‘2’4.{, K, ,ICZ_-,

INT EXT
208 (A/2)
= A = (d)(tr) (F) + 2 (tn) (tr) (F) (1-frl) .9775
= [ (E1) {(£)-(F) (tr) ] [ d - 2(tn)(1-frl) ]
E/Z?i' = Al larger of
' = [ (E1) (£)-(F) (tr) 1 [ 2(tn+t)=-2(tn) (1-£frl) | O
e = (tn-trn) (5t) (fr2) /69
NN Y = A2 smaller of
= 2 (tn-trn) (2.5tn+te) (fr2) . /o5¢f AlOF
X = A3 = 2 (tn-c) (fr2) (h)
A ™ = a41 = outside nozzle/shell weld = (leg?) (fr3)
Y7 = A43 = inside nozzle/shell weld = (leg?) (fr2)
= AS = (Dp-d-2tn) (te) (frd4) =
7507
TOTAL = Al + A2 + A3 + A4l + A43 + AS 857
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GENERAL NOTE:

PART UG — GENERAL REQUIREMENTS

inciudes considerstion of these areas if

S, /S, < 1.0 (both sides of ¢ ).

. —'—— "l ! ‘
25¢0r28¢,4¢, | : .\ ¢
Use smalier value :'\;‘ ¢
| P'-r'r-.-----r. -/// ( T
¢ : B
i o »’.‘..:.'..:._:'_‘;.'_.;L".'
‘ [ e — g
2.5t or 2.5¢ See UG40
Use smaller value - d for limits of
} e reinforcement
}'——dornnﬂnﬂ dorR +¢ +¢t™
. n n .
Use larger value Use larger value
For nozzie well insarted through For nozzie wall shutting
the vessel wall the vesee! wall
UG-37.1
- _— - - !
tr = = 1223 t =.3125 | © = /¢
trn = = 0270 th= 2375~ | d =&6. Y52
F= to|h=00ol| El = (.0
frl = Snoz/Svessel = | o fr2=Snoz/Svessel= 1.O
(frl=1.0 when nozzle abuts shell)

Dcwncomgr-- Steam Chest Re.nforcermant

INT EXT
(A/2)
= A = (d) (tr) (F) + 2 (tn) (tx) (F) (1-frl) 789
= [ EL()-(E) (tx) 1 [ d - 2(tn) (1-frl) ]
V/77/] = Al larger of
= [ (ED)(L)-(F)(tr) ] [ 2(tn+t)-2(tn) (1-£fxl) 1| {.227
i = (tn-trn) (5t) (fr2)
m = A2 smaller of
= {(tn-trn) (5tn) (fr2)
R = A3 = 2 (tn-c) (£r2) (h)
AB = A4l = outside nozzle/shell weld = (leg?) (fr2)
QV = A43 = inside nozzle/shell weld = (legz) (fr2)
TOTAL = Al + A2 + A3 + B4l + RA43 {-2177




GENERAL NOTE:
Inciudes congiderstion of thess sress if
Sp /8, < 1.0 (bothsidesof¢).

.
A
e t, .
.2& 2.5¢ +¢ - El - ¢
of O 4. 1
n e |
Use smailer value E%;; $
¥
4
‘ PRI T A7 T

P Yo

2.5¢ “2.5"' ! See UG-40
Use smaller value | for limits of
¢ I reinforcement
dorR +¢, +¢ | dorR e +¢
. n
-Use' larger valle Use larger valus
For nozzie wall inserted through For nozzie wall sbutting
the vesss| watl the vews! wall
UG-37.1
tr = = 0823 t = ,p2s| €= Yo
trn = = 0270 tn= 1265 d =393
F = | h = ) El =
frl = Snoz/Svessel = (.0 fr2=Sncz/Svessel=1(.q
(fr1=1.0 when nozzle abuts shell)

DgwrcComER - STEAN CHEST KESERUVO/R R EINFOR CEMEATT

INT EXT
(A/2
= A = (d)(tr)(F) + 2 (tn) (tr) (F) (1-frl) L 262
= [ (E1)(£)-(F) (tr) ] [ d = 2(tn) (1-frl) ]
V////d = Al larger of
= [ (E1)(t)-(F) (tr) 1 [ 2(tn+t)=-2(tn) (1-frl) ] e
_ = (tn-trn) (St) (fr2)
N\ = A2 smaller of
= (tn-trn) (5tn) (£fr2)
R = A3 = 2 (tn-c) (£r2) (h)
B\ = A4l = outside nozzle/shell weld = (leg?) (fr2)
\§J§77 = A43 = inside nozzle/shell weld = (leg?) (fr2)
TOTAL = Al + A2 + A3 + A4l + A43 320
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GENERAL NOTE.
Inciudem conwcerstion of these srees it

S, /8, < 1.0 (both sices ot ¢ ).
Y % ! P‘-{‘/
- —Ji—|
1 l L
AN ‘ %
-..r:-'r.*.'.f-‘.-?-'.'.-.'-: “;"’2‘/‘}2' ¥
See UG40
- d 1 for timits ot
reinforcement
™ dornnorni-r"'"—_""
N e ! R
Use larger value Use iarger veiue
For nozzie wall inserted through For nozzis wall sbutting
the vesss! wall the veme! well
tr T = 43% | £ = ¢33 | €% /4"
trn = = o020 | 07 .2es | 4 =3.9v9
F = I h = ¢ E1l = ' Dp= 7' te=375-
fr1 = Snoz/Svessel = 732 fr2=Snoz/Svessel= .?73%
{fri=1.0 when nozzle abuts shell) fr4=Spad/Svessel= .732
fr3=lesser of fr2 or frd = ~32 /Uc33|c. X3 >
INT EXT
(A/2)
= A = (d)(tr) (F) + 2 (tn) (tr) (F) (1-£frl) P26
= [ (ED)(£)=-(F) (txr) ] [ d - 2(tn) (1-frl) ]
r-~74 = Al larger of
= [ (E1) (£)=(F) (tr) 1 [ 2(tn+t)-2(tn) (1-frl) | 'S
S — = (tn-trn) (5t) (fr2) 69
ooy, = A2 smaller of
= 2 {tn-trn) (2.5tn+te) (fr2) (077 oo
XY = a3 = 2 (tn-c) (£r2) (h)
A By = a41 = outside nozzle/shell weld = (leg?) (£r3)
J 7 = A43 = inside nozzle/shell weld = (leg?) (fr2)
- AS = (Dp-d-2tn) (te) (fr4) =
. 8§23
TOTAL = Al + A2 + A3 + A4l + A43 + AS _?3;
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GENERAL NOTE:
Inciydey conniderstion of thess srees 1
3,/8,< 1.0 (both udee of ¢ ),
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> N tn 1
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+—t s AR T
; | ...-'..--sa. ‘:;EE_L--;:-] —p - gy
25¢ or 2.8¢, | See UG-40
Use smgiler valus | d {or limits of
4 _ " . reinforcement
}'——dorﬁnnnn e dornnﬂ"n""_""
N et ' i
Use igrger vaius Use larger veiue
For nozzie well inserted through ——peag— FOr NO2zie well sburtting
the vessti watl the vessel vall
— _ - 0OfG __ —
tr = T 4372 t—,‘/33 c = I/j_@
trn = = tn= d = & }-\;Hs,oﬁ.ﬂ-
F = | h = ¢ El1 = | Dp= ||.&5 te= 5625
frl1 = Snoz/Svessel = [ .O fr2=Snoz/Svessel= |.O
(fr1=1.0 when nezzle abuts shelll fr4=Spad/Svessel= . 732
fr3=lesser of fr2 or frd4d = 535 NozalEe S6 A .
INT EXT
(A/2)
= A = (d)(tr)(F) + 2 (tn) (tr) (F) {1-£frl) 1. H959
= [ (E1) (£)-(F) (tr) ] [ d - 2(tn) (1-£frl) ]
E/ZZ,- = Al larger of
= [ (E1) (£)=-(F) (tr) 1 [ 2(tn+t)=-2(tn) (1-£frl) ] O
—— = (tn-trn) (5t) (fr2)
NNy = A2 smaller of
= 2 (tn-trn) (2.5tn+te) (fr2) o
= A3 = 2 (tn-c) (fr2) (h) O
A BN = a41 = outside nozzle/shell weld = (leg?) (fr3) o
N 7 = 243 = inside nozzle/shell weld = (leg?) (fr2) o
= A5 = (Dp-d-2tn) (te) (fr4) = (‘75§
TOTAL = Al + A2 + A3 + A4l + RA43 + AS |. 755
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APPENDICES

A. Tubesheet Analysis

B. Program listing for calculating stresses in
flat face flanges to ASME Section VIII, App. Y

(for checking and verification)



APPENDIX A

TUBESHEET ANALYSIS
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TUBESHEET THICKNESS CALCULATIONS {corroded}

The tubesheet is analyzed by a beam-strip type method. It is a
rectangular tubesheet with an off-center tube field that is attached
to a 14’ 0.D. shell with the tubes running across the diameter. The
inside faces of the tubesheets are 12’ apart. The long side of the
tubesheat forms a chord segment in the vessel and is attached to the
shell by an "inset nozzle" which has its maximum depth at the
aidpoint of the tubesheet long side. The short sides of the
tubeshest meet the shall.

The 1" wide beam-strip is chosen to be at the midpoint of the
tubesheet long side, running across the short dimension. The
tubesheet is long compared to its width (L > 2*w) so bending in one
direction only is considered. At the location of the beam-strip, the
inset nozzle has its maximum depth and is most flexible at that
point, providing the least amount of bending resistance at the edges
of the tubesheet. The relationship between the end rotation and a
moment applied at the end of a cantelever beam (the inset nozzle) is
used as a boundary condition at each end of the tubesheet.

The tubeshaet is not considered as being stayed by the tubes. Any
axial thrust by the tubes is converted to an effective pressure. The
steam pressure acts only on the ligament area (including the tube
end). The difference in reaction of the steam pressure acting on the
steam chest and on the ligaments is balanced by the stay rods, which
are at the edges of the tubesheets, approximately coincident with the
inset nozzle. The area on which the vessel pressure acts on is also
reduced by the area of the tubes. The sum of all forces normal to
the face of the tube resisted by the reactions a the inset nozzle.

A cross saection of the tubesheet at the center is below:
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shown below: 7,
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The Geometry Constants are as follows: (corroded) ca = 1/16"

Tube number : T™n := 648
Tube 0.D. ™d :=0.75
Tube wall thickness Tt := 0.0830
Tube pattern pitch (square) Tp :=1.25
Tube pattern center Tc := 10.5625
Tubesheet width Tsw := 27,125
Tubesheet thickness Tst := 2.3125
Steam chest I.D. Scd := 15.625

Steam chest straight length Scl := 57.5
Steam chest mean diameter Scm := 15.9375
Inset nozzle length Inl := 9.625
Inset nozzle thickness Int := 0.375

The loads are as follows:

Steam Pressure Ps := 325
Vessel Pressure Pv := ~-15
Tube Thrust (lb/tube) T :=

The force "D" due to the steam pressure is as follows:

1-Scd-Ps
D is—mm 3
2 D=2,539-10

Vooo-
The beam-strip is divided into three consecutive segments, which are



The Effective Pressure on the tube field, due to the steam pressure
on the ligaments, normalired to the entire area within the steam

chast is as follows:

2 2
Sed (Td - 2'Tt)
f'—— ¢4 Scd'Secl - n-Tn-
4 4
Pse := Ps-

2

Sed

n-— + Scd-Scl
4
Pse = 273.254

The Effective Pressure on the tube field, due to the vessel pressure
on the ligaments, normalized to the entire area is as follows:

2 2
Scd Td
n-—— + Scd-S¢l - n-Tn—
4 4
Pve = Pv-
2
Sed
K-— + Scd-Scl
4
Pve = -11.061

The Effective Pressure on the tube field, due to the axial thrust of
the tubes, normalized to the entire area is as follows:

Tn'Tf
Pt := Pt =0
2
Scd
n'—— + Sed-Sel
4

The average ligament efficiency of the tuba fiaeld is:

2 2
™ -Td
na :=s —— na = 0.64
2
TP
The minimum ligament efficiency of the tube field is:
Tp - Td

™ = T = 0.4

Tp



The section properties of the beams are as follows:

Inset Nozzle:

3
Int
Ii ;= 1 — Ii = 0.004
12
Tubesheet Solid Regions
3
Tst
Is := 1-— Is =1.031
12

Tubesheet Tubed Region {double corrosion}

3
(Tst - 0.0625)

It :=na-l-
12

It = 0.608

The relationship between the end rotation and the end moment on the
inset nozzle is taken from Roark, "Formulas for Stress and Strain",
4th edition, table III, figures 1 & 9. Superimposed, the formulas
for a cantelever beam with an end force and for one with an end
couple yield the following relation:

0 = M*Inl/4*E*Ii

The three beam equations formed, which are to be solved for
deflection, are shown balow:

Beam 1: EIs(d*4vl/dx*4) = p(x) = ~Pv
on the range: 0 < x < Lsl

Pse - Pve - Pt

Beam 2: EIt(d*4v2/dx*4) = p(x)
on the range: Lsl < x < Ls2
substituting: y = x - Lsl | 0 < y < Sem

Beam 3: EIs(d*4v3/dx*4)

p(x) = -Pv

on the range: Ls2 < x < Tsw

substituting: z = x - 182 | 0 < z < Lss
where:

Sem Int
sl :=Tg = — - — Lsl = 2.406

ha )

U



Scm Int

Le2 (= To ¢ — = — Le2 = 18 344
2 2
Lss := Tsw ~ Ls2 - Int Lss = 8.406

The boundary conditions at the x = 0 end are as follows:
Oa: ML*Inl/4*E*Ii = dvl(0)/dx
= (1/EIs){(-Pv/6)x*3 + (c0/2)x*2 + clx + ¢c2)
which, at x = 0, simplifies to:
Ml = 4*c2*Ii/L*1s
Ob: M1 = EIs{d”2v1(0)/dx*2)
Ml = (-Pv/2)x*2 + c0x + cl
which, at x = 0, simplifies to:
Ml = cl
combining 0a & Ob yields:
cl - c2(4Ii/Inl*Is) = 0

equation 0 coefficients ara as follows:

b =0
0
a = ]
0,1
Ii
a 1= -4 a = -0.002
0,2 Is-Inl 0,2

1: 0 = v1(0) = (-Pv/24)x*4 + (c0/6)x*3 + (c1/2)x*2 + c2x + ¢3
which, at x = (, simplifies to:
c3=0

equation 1 coefficients are as follows:

£

Ly



The contznulty equatlons at the junction between beams 1 and 2, where

- — ol maad ea ‘A"‘m--
& = H" aiid x = U, ﬂ“ -a AVLLWVND .

2: vl(Lsl) = v2(0)
(1/BIs){ (-Pv/24)x*4 + (c0/6)x*3 + (c1/2)x*2 + c2x + c3})
= (1/EIt){{(Pse-Pve-Pt)/24)y*4 + (cd4/6)y*3 + (c5/2)y*2
+ cby + ¢}
which, at x = Lsl and y = 0, simplifies to:
c0(Ls1*3/6) + c1(Ls1”2/2) + c2(Lsl) + c3
- ¢7(Is/It) = Pv(Lsl*4/24)

equation 2 coefficients are as follows:

4
Lsl
b :=pv— b = -20.953
2 24 2
3
Lsl
a = — a = 2,322
2,0 6 2,0
V4
Lsl
a = — a = 2,895
2,1 2 2,1
a :='le a = 2.406
2!'2 2;2
a =1
2,3
Is
a = -] — a = =1,696
2,7 It 2,7

3: dvl(Lsl)/dx = dv2(0)/dy
(1/E18) { (-Pv/6)x*3 + (c0/2)x*2 + clx + c2}
= (1/EIt){((Pse-Pve-Pt)/6)y*3 + (c4/2)y*2 + c5y + c6)
which, at x = Lsl and y = 0, simplifies to:
c0(Ls1*2/2) + cl(Lsl) + ¢c2 ~ c6(Is/It)

= Pv(L8143/6)

1'%



equation 3 coefficients are as follows:

.3
Lsl
b = Pv-— b = -34.831
3 6 3
2
Lsl
a [ ——— a = 2.895
3,0 2 3,0
a := Lsl a = 2.406
3,1 3,1
a =1
3,2
Is
a = =] — a = ~1.,696
3,6 It 3,6

4: BIs(d*2vl(Lsl)/dx*2) = EIt(d*2v2(0)/dy*2)
(~Pv/2)x*2 + c0x + cl = ((Pse-Pve-Pt)/2)y*2 + cdy + c5
which, at x = Lsl and y = 0, simplifies to:
c0(Lsl) + cl ~ c5 = Pv(Ls1”2/2)

equation 4 coafficients are as follows:

2
Lsl
b :=pv— b = -43.425
4 2 4
a = Lsl a = 2.406
4,0 4,0
a = 1
4,1
a = -1
4,5

5: EIs(d*3vl(Lsl)/dx*3) = EIt(d*3v2(0)/dy*3) + D
-Pvx + ¢0 = (Pse-Pve-Pt)y + ¢4 + D
which, at x = Lsl and y = 0, simplifies to:
c¢0) -c4d =D + Pv(Lsl)

equation 5 coefficients are as follows:



vy
vi
o4

b =D ¢+ Pv'Lsl
3

(- 3
n
~
wn
]
P
|
4
2 w

The continuity equations at the junction between beams 2 and 3, where
y = Scm and z = 0 are as follows:

6: v2(Sem) = v3(0)
(1/EIt) { ((Pse-Pve-Pt)/24)y*4 + (c4/6)y*3 + (c5/2)y*2 + cby
+ c7} = (1/BIs){(~Pv/24)z*4 + (c8/6)z*3 + (c9/2)z"2 +
cl0z + cll})
which, at y = Scm and z = 0, simplifies to:
cd (Scmr3/6) + c5(Sem*2/2) + c6(Sem) + c7 -
cl1({It/Is) = (PtitPve-Pse) (Scm*4/24)

equation 6 coefficients are as follows:

4
Scm 5
b := (Pt + Pve - Pse)—— b = -7.643'10
6 24 6
3
Scm
a T — a = 674.698
6,4 6 6,4
2
Scm
a = — a = 127.002
6,5 2 6,5
a = Sem a = 15,938
6,6 6,6
a =1
6,7 '
It
a = =-1— a = -0,589

6,11 Is 6,11



7: dvz(Scm)/dy = dv3(0)/dz
{(1/EIt){ ((Pse-Pve-Pt)/6)y*3 + (c4/2)y*2 + cSy + c6}
= (1/EIs){(-Pv/6)z*3 + (cB8/2)z*2 + c9z + cl0}
which, at y = Scm and z = 0, simplifies to:
cd (Sem*2/2) + ¢c5(Sem) + ¢c6 - cl0(It/1s)
= (Pt+Pve-Pse) (Scm*3/6)

equation 7 coefficients are as follows:

3
Scem 5
b := (Pt + Pve - Pse)— b = -1.918-10
7 6 7
2
Scm
a ‘s — a = 127.002
7,4 2 7,4
a ;= Som a = 15.938
7,5 7,5
a =1 a =1
7,6 7,6
It
a 1= -] a = -0,589
7,10 Is 7,10

8: BIt(d*2v2(Scm)/dy*2) = EIs(d*2v3(0)/dz*2)
{ (Pse-Pve~Pt)/2)y*2 + cdy + ¢5 = (-Pv/2)2z*2 + cBz + c9
which, at Yy =8Scmand z = 0, s'mpiifies to:
cd(Scm) + ¢5 - c9 = (Pt+Pve-Pse) (Scm*2/2)

equation 8 coefficients are as follows:

2
Scm 4
b := (Pt + Pve - Pse)'— b = -3,611'10
8 2 8
a = Sem | a =15.938
8,4 8,4
a t= ]
8,5
a = ~1

8,9



-

9: EIt(d*3v2(Scm)/dy*3) = EIs(d*3v3(0)/dz*3) + D
(Pse-Pve-Pt)y + ¢4 = (-Pv)z + c8 + D
which, at y = Scm and z = 0, simplifies to:
c§d - ¢c8 = (Pt+Pve-Pse) (Scm) + D

equation 9 coefficients are as follows:

b := (Pt + Pve — Pse) Scm + D 3
9 b =-1.992-10
9
a =1
9'4
a = =1
9;8

The boundary conditions at z = Lss are as follows:
10a: MA*Inl/4*E*Ii = dv3(Lss)/dz
= (1/EIs){ (-Pv/6)2*3 + (c8/2)z*2 + c9z + ¢10}
which, at z = Lss, simplifies to:
Ml = 4% (Ii/Is*Inl){-Pv(Lss”*3/6) + c8(Lss"2/2)
+ c9(Lss) + cl0}
10b: M4 = EIs(d”2v3(Lss)/dz*2)
= (-Pv/2)z*2 + cBz + 9
which, at z = Lss, simplifies to:
Ml = -Pv(Lss*2/2) + c8(Lss) + c9
Combining 10a and 10b yields: |
c8{ (41i/Is*Inl) (Lss*2/2) - Lss} + c9{(4Ii/Is*Inl) (1ss) -1}
+ ¢cl0(4Ii/Is*Inl) = (Pv){(4Ii/Is*Inl) (Lss*3/6)
- (Lss*2/2))
equation 10 coefficients are as follows:
3 2
Ii |Lss Lss

b :=Pv |4 : - b = 527.356
10 Is'Inl 6 2 10




—x 7
S

2
Ii Les
a 1= 4 ' - Lss a = -8, 344
10,8 Is'Inl 2 10,8
Ii
a ‘= 4 -1 a = ~-(,998
10,9 Is'Inl 10,9
Ii
a = 4 a = 0.002
10,10 Is-Inl 10,10

11: 0 = v3(Lss) = (-Pv/24)z*4 + (c8/6)z*3 + (c9/2)z*2 + cl0z + cll
which, at z = Lss, simplifies to:
cB (Lss*3/6) +.09(Lss*2/2) + c10(Lss) + cl1
= Pv(Lss*4/24)

equation 11 coefficients are as follows:

4
Lss
b :=pPv— 3
11 24 b =-3.121-10
11
3
Lss
a 1= a = 99.005
11,8 6 11,8
2
Lss
a S m—— a = 35.333
11,9 2 11,9
a 1= Lss a = 8.406
11,10 11,10
a = ]



Solve 12 x 12 Set of Tubesheet Beam Equations:

Stiffness Matrix

0 -1 =-0.002
0 0 0
2.322 2.895 2.406
2.895 2.40¢6 1
2.406 1 0
A= 1 0 0
0 Lt} 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
Load Vector
b =
2
-7
-1
-3
~1
-3

COO0OO0O0OO0OO0OO0OH MO

-20.

-34
-43

.503:
.643:
.918"
.611"
.992:

527

121

OO0 O0

-1

674.698

953
.831
.425
10
10
10
10

10
.356

10

127.002
- 15.938

1
0
0

OHOOOO

127.002
15.938
1

0

-0

0

0
0
0
-1.696
0
0
15.938

OO OO

0 0 0
0 0 0
-1.696 0 0
0 0 0
0 0 0
0 0 0
1 0 0
0 0 0
0 0 -1
0 -1 0

0 -8.344 -0.998
0 99.005 35.333

-0.

oo

58



Coefficient Vector

271.38
141.45
4
7.982-10
0
3
-2.232-10
837.896
4
4.774:10
5
1,138:10
-239.37
3
1.381-10
4
-5.173-10
5
4.067-10

NRITEPRN(J2519TST) := ¢

Y



TUBESHERT THICKNESS CALCULATIONS {corroded}
¢ := READPRN(J25197ST)

Input Load Data:

Tube Normal Thrust Tfn := 0
Pressure (Steam Side) Ps := 325
Pressure (Vessel Side) Pv ;= -15
Input Geometry Data: (corroded) ca = 1/16"
Tube Number Tn := 648
Tube 0.D. Td := 0.75
Tube wall thicknaess Tt ;= 0.0830
Tube pattern pitch Tp := 1.25
Tube pattern center Tc := 10.5625
Tubesheet thickness Tst := 2.3125
Tubesheet width Tsw := 27.125

Steam chast inside diameter Scd := 15.625
Steam chest mean diameter Scm := 15.9375
Steam chest straight length Scl := 57.5
Inset Nozzle Thickness Int := 0.375

The Effective Pressure on the tube field, due to the axial
thrust of the tubes, normalized to the entire area is as

follows: _
Tn'Tfn
Pt = Pt =0
2
Scd
A'— + Scd-Scl

4



RS
5
Vi

The Effective Pressure on the tube field, due to the steanm
pressure on the ligaments, normalized to the entire area is ag
follows:
2 2
Scd (Td - 2'Tt)
X— 4+ Scd'Scl - T
4 4
Pse = ‘Ps
2
Scd
K-— + Scd-Scl
4

Pse = 273.254

The Effective Pressure on the tube field, due to the vessel
pressure on the ligaments, normalized to the entive area is as

follows:
2 2
Sed T™d
R-— + Scd'S¢l - Tn'n-—
4 : 4
Pve := ‘Pv
2
Scd
f-—— + Scd-Scl
4
Pve = =-11.061

Pressure on the Tube field is:
Pf := Pg¢ - Pve - Pt PLf = 284.315
Shear and Bending In Each Beam Section

Beax # L at x =0

x :=0
Qi := -Pv'x + ¢ Ql = 271.4
: 0
2
x
M :=-Pvv— +cCc 'x+¢C Ml = 141.5
2 0 1

Beam # 2 at x = Lsl (y = 0)

Sem Int
Lsl :=Tc- — - — Lsl = 2.406
2 2
y :=0
Q2 :=Pf'y + ¢ 3

4 Q2 = -2,.232-10



2

y
M ;=Pf-—+cCc 'ytec
2 4 5

M2 = 837.9

Beam # 2 at location of maximum bending

—c
4
ym .=
1 2 4
gn := Pf'ym + c
4
2
ym :
M :=Pf-— +c¢c ym+c
2 4 5

Beam # 2 at x = Ls2 (y = Scm)

Sem Int
L2 ;= Tc + — = —
2 2
y := Scm
Q3 :=Pf'y+ ¢
4
2
b 4
M3 :=Pf'—+c¢c 'y+tec
2 4 5

Beam #§ 3 at x = Tsw - Int (z = Lss)
Las := Tsw - Int - Ls2
z := Las

Q4 ;= -Pv'z + cC
8

2
z
M =-Pv— +c¢c 'z +c
2 8 9
Cross Section Properties
Solid Region

As = 1 Tst

ym = 7.85

Om = 0

3
Mn = -7.923-10

Ls2 = 18.344
Scm = 15,938

3
Q3 =2.299-10

3
M3 =1.374-10

Las = 8.406

-113.306

Q4

My = -101.468

As = 2,313



3
Tst
is = 1-
12
Tst
cg (m ~—
2

Minimum Ligament Efficiency

Tp - Td

T :=
Tp

Tubed Region

{double corrosion})

At := 1 (Tst - 0.0625)-nm

3
(Tst - 0.0625)
It : =1
12
Tst - 0.0625
ct :=
2
Stresses In Tubashest
Beam 1 at x = 0
Q1
Ss = —
As
cs
Sb = Ml-—
Is
J 2 2
Sb + ySb + 4:8s
8l :=
2
Bear 2 at x = L3l (y = 0)

Q2
88 = —
At

ct

Sh = M2-—

It

‘T

-4
w
)
-
o

cs = 1.156

At = 0.9

It = 0.38

ct =1.125

Ss = 117.362

Sb = 158.761

Sl

221,067

Ss = -2,48-10

3

Sb = 2.483-10



Ch 4
wati VY

eh &
was g

i
n
&

82 :=

Beam 2 at location on maximum bending

2

Om
Ss = —
At
ct
Sh :=Mm'—
It
Sm := Sb
Beam 2 at x = Ls2 (y = Scd)
Q3
Sg = —
At
ct
Sb = M3 —
It
j 2
Sb + ySb + 4:Ss
83 :=
2

Beam 3 at x = Tsw - Int (z = Lss)

Q4
Sg = —
As
cs
Sh = M- —
Is
2
Sb - ySb + 4'Ss
S4 =
2

3
82 = 4.015-10

ym = 7.85
Ss =0

4
Sb = -2.348'10

4
Sm = -2.348'10

$s = 2.555-10

3

- 8b = 4.071-10

3
83 = 5.302'10

Ss = -48.997

Sb = -113.846

S4 = -132.03

Allowable Stress Comparison SB-582 N06985 @ 425F ASME Sect II-D

Membrane + Bending = 1.5*Sa Sa := 1.5-19350

Maximum Stress Occurrs at middle of beam # 2

4
Sa = 2.903:10

4
Sm = -2.348:10



APPENDIX B

SOURCE LISTING FOR PROGRAMS FLATFACE

PROGRAMS FOR CALCULATING STRESSES AND THICKNESS OF |
FLAT FACE FLANGES TO ASME SECTION VIII, DIV 1, APPENDIX Y

1. Class 1, category 3 flanges

2., Class 3, category 3 flanges



R

c

C *xxxxxxxxxPROGRAM TO CALCULATE STRESSES AND THICKNESS OF FLAT FACE FLG *%xxx
*xxxxxxxxxTHIS PROGRAM WILL ANALYSE ONLY CLASS 1, CATEGORY 3 FLANGES *xxxxxx
CrxekkkkeRxARKRXRXRXXXTO APPENDIX Y OF ASME SECTION VI T T sk ko ik ok kok K KKKk

-

C

FROGRAM MAIN
IMPLICIT REAL (M,J)
WRITE(*x,x) *ENTER P,B,A,C,G,hc,T

READ(x,x) P,8,A,C,G,HSC,T -

WRITE(x,x) "ENTER NUMBER OF BOLTS, BOLT DIAMETER, BOLT ROOT AREA’
READ{x,x) N,DB,BRA

AB=N*BRA

HCMAX = .5x(A-C)

IF(HSC .LT. .001) HSC=HCMAX

WRITE(x,x) 'ENTER ELASTIC MODULUS RATIO -~ FLG/BOLT®
READ( x ,x )RE

PI=3.14159

H=.785xGxG*P

HD= .785%xB*B*P

HT=H-HD

HG=0.

HSD=.5%(C-B)

HST= . 5%x( C~G)

HSG= .5%(C-G )

B1i=B

MP=HDXHSD+HT*HS T+HG*HSG

D=DB+ .125

aLFAa=(C+a)/(2xB1)

BETA=(C+B1 }/( 2*B1)

ARBAR=N*D/( PIx%C )

RB=4xATAN( SQRT( (1 .+ARBAR )/( 1-ARBAR } ) )/SART( 1-ARBARXxx2 )-PI-2xARBAR
RB=RB/FLOAT{N)

Jo={ 2xHSD/BETA + HSC/ALFA)/B1 +PIxRB

ABL=AL0G10(A/B1)

Cl==( .748-1,567%xJSxABL )/(1.+1.3xJ%)

IP=(HSD/BETA + HSC/ALFA)/B1 + PIxXRB

C2=(PI*P*(B1%%3)/32 - 1.3xIJPxMP)/(1.+1.3%JS%)

C3=0. e
C4=0.
FP=0 .
BL= ZxT +DB

T2=T7xT

T3=T*72

MS= JIP*xFPxMP/{ T3+JSxFP)

ETB=5.46%({ ISxMS+IPxMP )/( PIXT3)

MC=( MP+MS )/HSC

WM1=H+HG+HC

SIGMAB=WM1/AB

SI=SIGMAB-1.159%xHSC*HSC*x{ MP+MS )/( ALFAXT3%BL*RExB1 )

SR=6x(MP+MS )/{ T2x( PIXC-NxD ))

ST=TxETB/B1

write(*x,700) P,B,A,C,G,T
700 FORMAT(5X, ’ANALYSIS OF CLASS 1 CATEGORY 3 FLAT FACE FLANGES®,

1 /,5X,’PER ASME SECTION VIII,DIV 1 APPENDIX Y',///,5X,

2'xxx INPUT DATA xxx',// ,7X,’PRESSURE = 'F6.0,/,7X,’FLANGE ID = ’

3,F8.3,7,7X,’FLANGE OD = * ,F8.3,/,7X,’BOLT CIRCLE DIAMETER = *,F8.3

3,/7,7X,’GASKET DIAMETER = 'F8.3,/,7X, FLANGE THICKNESS = °*,F7.3)

WRITE(*,701) N,DB,AB
701 FORMAT(7X,’BOLTING - ',12,2X,’BOLTS OF ’,Fé6.3,' DIAMETER',/,

1 7X,'BOLTING CROSS SECTIONAL AREA = ’',F8.2)

WRITE(*,703) RE
703 FORMAT(7X,’RATIO OF FLG / BOLT ELASTIC MODULUS = *,F6.3)

WRITE(*,702) SIGMAB,SI,SR,ST

702 FORMAT(//,5X, xxx RESULTS =xxx’ // 7X,'BOLT STRESS = ’',F8.0,/,
1 7X,’BOLT PRESTRESS = ’,F8.0,/,7X, ’FLANGE RADIAL STRESS AT BOLT CI
1RCLE = ',F8.3,/,7X,’FLANGE TANGENTIAL STRESS AT INSIDE DIAMETER =
2 ,FB8.0,//7,5X, 'xxx END OF ANALYSIS xxx')
sSTOP
END



PROGRAM MAIN Il
IMBLICIT REAL (M,J)
® WRITE(*,*) ’ENTER P,8,A,C,G,hc,T1,72
READ( *,x) P,B,A,C,G,HSC,T1,T2
C xxxxxxxxxPROGRAM TO CALCULATE STRESSES AND THICKNESS OF FLAT FACE FLG *xxxx%
C xxxxxxkxxTHIS PROGRAM WILL ANALYSE ONLY CLASS 3, CATEGORY 3 FLANGES xxxxxx
CExxRxxkxXKkKKkXxkx%k%xkTO APPENDIX Y OF ASME SECTION VITI®XXXXKKKKKEKEXKKEKKKAKX

c WRITE(x,%x) 'ENTER NUMBER OF BOLTS, BOLT DIAMETER, BOLT ROOT AREA’
READ( x ,x) N,DB,BRA
AB=NxBRA
HCMAX = .5%( A-C)
IF(HSC .L7. .001) HSC=HCMAX
C WRITE( x,*x) ’ENTER ELASTIC MODULUS RATIOS - COVER/FLG,FLG/BOLT’

READ( x ,x )ER,RE
. PI=3.14159

Hz .785xGxGxP
HD= .785%BxBxP
HT=MH-HD

HG=0 .

HSD=.5«( C~8)
MST=.5%(C-G)
HSG= .5%x(C~G)

3:=3
MP=HDRHSD+HTXxHS T +HGEXHSG
O=DB+..25

aLFas(c+ad/(2x81)

3ETAF(C+81 )/ 2x81)

ARBAR=N*D/(PI*C) ‘

28 =SxATAN( SCRT(/ 1.+ARBAR )/( L-ARBAR ) ) )/SQRT( 1-ARBAR**x2 )-PI-2*ARBAR
RR=R3I/FLOAT{N)

39={ 2xRSD/BETA + HSC/ALFA)/B1l +PIxRB
ABL=ALCGLO( A/BL)

Ci=-{ .748-1.567%ISxABL )/(1.+1.3xJS)

Ip=( HSD/BETA + HSC/ALFA)/B1l + PI*RB
Co=(PIxPx(B1xx3)/32 - 1.3%xJPxMP)/(1.+1.3%JS)
C3=0.

Ca4=0.

-
C TA=2 .45%xSQRT(MP/( { PIxC~NxD )xSF ) )
- Ti=1.1%xTA
C TR= .S6xB1%SART(P/SF )
C TC=AMAXL( TA,T8)
C T2=1.1%xTC
T1S=T1xx2
TiC=T1xx%x3
T25=T2%xx%2
T2C=T2%%*3

X= 1.0/(1.+ERXT2C/T1C)

P1= X*(C4-C2)/(1.206xABL-XxC3-(1-X)*xC1)
pP2=P1xERXT2C/T1C

MS1=C3%xP1+C4

MS2=C1xpP2+C2

MUl=1.206*%P1xABL

MU2=1 .206%P2xABL

MB1=MS1-MU1

MB2=MS2-MU2

BL=T1+T2+DB -

P3=5 _46%x( JSXMB1+JIPxMP )/(PIxT1C) + P1/T1iC
pa= -1.337x(MS2-PIxPx(B1lxx3)/32.) /T2C
HC=({ MP+MB1 )/HSC

" WM1=H+HG+HC | e e TN -




SIGMAB=WM1/AB i
SI=SIGMAB~1.159%kHSC*HSCx( MP+MB1 )/( 2x(1.-X )*xALFAXT1CxBL*RE*B1 )
SR1=6x( MP+MS1 }/( T1Sx{ PI%C-Nx*D))
STi1=T1xP3/B1
SR2A=6x( MP+MS2 )/( T2Sx(PIXC-N*D ) )
SR2B=6xMS2/(PI*B1%xT25)
ST2A=T2*P4/B1 - 1.8xMS2/(PI*B1%xT2S)
S5T2B=.3094%xP*B1xB1/T72S - 6xMS2/(PI*xB1%T72S)
write(x,700) P,B,A,C,G,T1,T2
700 FORMAT(S5X, ’ANALYSIS OF CLASS 3 CATEGORY 3 FLAT FACE FLANGES’,
l /,5X,’PER ASME SECTION VIII,DIV 1 APPENDIX Y',///,5X,

27xxx INPUT DATA *xxx’,//,7X,’PRESSURE = °'F6.0,/,7X,’FLANGE ID = °
3,F8.3,/,7X,’FLANGE OD = ’,F8.3,/,7X,’'FLANGE BOLT CIRCLE = *L,FB.3,
3/,7X, 'GARSKET DIAMETER = ’'F8.3,/,7X,’FLANGE THICKNESS = *,F7.3,7,7X%
5,’COVER THICKNESS = ’,F7.3)
WRITE(*,701) N,DB,AB :
701 FORMAT(7X,’BOLTING - ’,I2,2X,’BOLTS OF *,F6.3,’DIAMETER”,/,

1 7X,’BOLTING CROSS SECTIONAL AREA = *,F8.2)
WRITE(*,703) ER,RE

703 FORMAT(7X,*RATIO OF COVER/FLANGE ELASTIC MODULUS = ’,F6.3,/,
1 7X,'RATIO OF FLG / BOLT ELASTIC MODULUS = *',F6.3)
WRITE(*,702) SIGMAB,SI,SR1,5ST1,S5R2A,SR2B,5T2A,5T2B

702 FORMAT(//,5X, "xxx RESULTS xxx’,//,7X,’BOLT STRESS = *®,F8.0,/,

1 7X,’BOLT PRESTRESS = *,F8.0,/,7X,’FLANGE RADIAL STRESS AT BOLT CI
1RCLE = ’,F8.0,/,7X, FLANGE TANGENTIAL STRESS AT INSIDE DIAMETER =

2’,F8.0,/,7X,’COVER RADIAL STRESS AT BOLT CIRCLE = °*

3,F8.0,/,7X, COVER RADIAL STRESS AT INSIDE DIAMETER = ’,FB.O,/,7X,

4 ’COVER TANGENTIAL STRESS AT INSIDE DIAMETER = L, F8.0,/,7X,

4 'COVER RADIAL AND TANGENTIAL STRESS AT CENTER = ',F8.0,//,5X,

5 ’xxx END OF ANALYSIS xxx') ¢

STOP

=ND



END

OF REPORT

(.73



